Cone beam computed tomography (CBCT) with a flat panel detector can provide more precise and fine images compared to that with an image intensifier which have been used previously. Measurement of the length clearly varies among different measurement regions on the images of CBCT with an image intensifier. However, little is known whether measurement of the length on the images of CBCT with a flat panel detector varies as well or uniform. The objective of this study was, therefore, to analyze the homogeneity of the measurement of the length on the images of the CBCT with a flat panel detector. The results demonstrated that both short-and long-term reproducibility of measurement of the length on the CBCT images of the x-ray mesh gauge was less than 1.5%. The non-uniformity of measurement of the length on the CBCT images was less than 2% between any of two regions. The non-uniformity of measurement of the length on the CBCT images with φ60mm×h60mm exposed area was almost constant at any regions independent of the tube current. That on the CBCT images with φ40mm×h40mm exposed area varied randomly. The non-uniformity of measurement of the length varied randomly on the CBCT images with small exposed area; however, this was considerably small and negligible. The results suggest that measurement of the length on the images of CBCT with a flat panel detector may be substantially uniform at any regions in comparison with that on the images of CBCT with an image intensifier. uniformity 9) . On CBCT as well, it is very important to sustain the homogeneity of measurement of the distance at any regions on CBCT image in clinical applications 10) .
Introduction
It is very important for the dentists to evaluate the quantity and quality of alveolar bone on dental implant placement, the relation of impacted tooth with surrounding tissues such as mandibular canal and sinus floor on tooth extraction, root canal shape on endodontics treatments and so on. Generally, intraoral and panoramic radiographs are widely used for these dental treatments in general dental practise. However, it is reasonable that relatively insufficient information may be obtained by these radiographs because it can present only two-dimensional information of maxillofacial regions. Therefore, the conventional x-ray computed tomography (CT) that was widely used in medical field and can provide three-dimensional information have been applied in dental field since late 1980s, especially for planning the dental implant placements 1) .
Recently, multi-slice CT (MSCT) or multi-detector CT (MDCT) with a high radiation exposure had been introduced in dental field instead of single-slice conventional CT. This may contribute to the increase of radiation-induced cancer incidence, especially in Japan 2) . Radiation exposure accompanied by MSCT should be reduced as possible in children as well as women over the world 3) . The new recommendation of the International Commission on Radiological Protection (ICRP) in 2007 added tissue-weighting factor for salivary gland and brain that are related to the incidence of stochastic effect due to radiation exposure in dental field. At the viewpoint of the reduction of radiation exposure, cone beam CT (CBCT) was newly developed for dental clinical applications at the late of 2000s 4, 5) .
CBCT possesses some advantages such as having higher detection of subtle hard tissue like bone and tooth and spatial resolution as well as assuring the decrease of radiation exposure compared to medical MDCT 6, 7) . CBCT uses a conical type of xray beam and curved or flat two-dimensional x-ray detector. In the early type of CBCT, an image intensifier (I.I.), which sometimes used for a C-arm or fluoroscope in medical field, was used as the detector of x-ray 8) . I.I. has a high sensitive semiconductor that converts the last electrical signal 9) . However, an unstable signal due to curved shaped I.I. detector produced the non-uniformity of measurement of the distance on the images of CBCT. Ohtsuka has developed an original software to correct the non-uniformity of measurement of the distance on the image of cineradiography with the I.I., resulting in the reduction of the non-succeeded in holding down the fluctuation that occurs with I.I.
On FPD, the x-ray signal is easily converted into digital signal with lesser fluctuation. Therefore, high spatial resolution is obtained on FPD without deterioration of the image due to fluctuation. FPD has also higher image contrast. The contrast resolution of I.I. is 8 bit with 256 gradations. On FPD, this is expanded to 12 bit with 4096 gradations, contributing to high sensitivity for the detection of a few contrasts on the image.
To date, many researchers have been investigating the precision of the measurement of the distance on the images on CBCT alone or comparing that on both CBCT and MDCT. They finally conclude that CBCT has better precision for the measurement than MDCT [11] [12] [13] [14] [15] [16] . However, little is known whether measurement values of the distance between two sites are homogeneous at any region of the CBCT image. The objective of this study was to analyze the homogeneity of measurement of the distance on CBCT image with FPD.
Materials and Methods

CBCT equipment
I used in this study the recently-developed CBCT (Morita Co., Kyoto) with FPD, the designated 3D Accuitomo type F17. This consists of a chair for the subjects and two rotated arms with gateshaped. One arm is equipped with the x-ray tube and the other arm the FPD ( Thereafter, the cursor is adjusted to the centre of the imaging area, where the dentists want to take, on these lateral and frontal images.
After the determination of the precise position, the arms rotate around the subject and 590 x-ray tomography images are automatically obtained with the time of 17.5 seconds.
The i-VIEW software (Morita Co., Kyoto) was used to obtain and analyze three-dimensional reconstruction tomography images (horizontal, sagittal and frontal images) of CBCT ( Fig. 2) . Sizes of the voxel were between 0.080mm and 0.250mm according to the size of the cylindrical tomography shape obtained by CBCT.
Experimental phantom
The cube shape phantom with a size of 120mm×120mm× 120mm was constructed as the phantom for the study using plane board tough water phantom WE type (Kyoto Kagaku Co., Kyoto).
The density of this phantom (1.017g/cm 3 ) was almost equal to that of the water (Fig. 3 ). In addition, I used stainless steel x-ray mesh gauge with a size of 90mm×90mm× 0.1mm (DENTECH, Tokyo) and with a grid of 2mm interval. This was placed in the centre of the cube shape experimental phantom (Fig. 4 ). The interval of the grid on x-ray mesh gauge was confirmed using a microscope before the study (Fig. 5 ).
Parameters of the CBCT imaging
The tube voltage and total filtration were 90kV and 3.1mmAl, respectively. In addition, four typical parameters of the tube current and the tomography imaging volume were used in this study: 5mA and φ40mm×h40mm, 7mA and φ40mm×h40mm, 5mA and φ60mm×h60mm, and 7mA and φ60mm×h60mm. Prior to taking CBCT of the phantom, a levelling instrument was used to confirm whether top of the phantom is almost parallel to the floor (Fig. 6) . The x-ray mesh gauge was placed parallel or perpendicular to the FPD before the CBCT exposure ( Fig. 7) .
The X (frontal) and Y (lateral) plane images of the x-ray mesh gauge were obtained for parameters (4 current tube and imaging volumes) on CBCT. The images were taken 3 times within a day with an interval of 4 hours. Additionally, the images were taken 3 times with an interval of 1 week.
Calculation of the profile
In the imaging area of φ40mm×h40mm, the slice thickness and interval were 0.080mm and 0.080mm, respectively. In the imaging area of φ60mm×h60mm, the slice thickness and interval were 0.125mm and 0.125mm, respectively Therefore, the voxel size in the imaging area of φ40mm×h40mm and φ60mm×h60mm, respectively, were 0.080mm and 0.125mm in each side. Data was stored with bitmap and incorporated into the software for image analysis (Scion Image Beta 4.02, Scion Corporation, USA).
Measurement of the distance on the CBCT image and measurement region
Number of pixels between peak values representing 1 grid
interval of the x-ray mesh gauge on density profile of the CBCT image was considered as the distance between the grids ( Fig. 8 ).
If there was no noise including x-ray quantum noise, the distance between the grids is 25 pixels in the area of φ40mm×h40mm ( Fig.   9 ) and 16 pixels in the area of φ60mm×h60mm ( Fig. 10 ). 
Measurements
Data analysis
The coefficient of variation of 3 data obtained within a day was defined as a short-term reproducibility of the measurement of the distance. The coefficient of variation of 3 data obtained with an interval of 1 week was defined as a long-term reproducibility of measurement of the distance.
One-way analysis of covariance was performed to evaluate the homogeneity in measurement of the distance among 5 regions on CBCT images. Homoscedasticity was analyzed by Levene statistic.
Bonferroni correction for multiple test was done when homoscedastic was verified, and Tamhane's test was applied when homoscedastic were not verified. Data analyses were performed using the Statistical Package for the Social Sciences (SPSS; version 8.0; SPSS Inc., Chicago, IL). P-values < 0.05 were considered statistically significant.
Absolute difference values of the measured distances between two different areas (CC-UL, CC-UR, CC-LL, CC-LR, UL-UR, Figure 13 . The relationship between the heterogeneity of measuring the distance when exposed at 5mAs and 7mAs in horizontal direction on X plane at 60×60. Figure 14 . The relationship between the heterogeneity of measuring the distance when exposed at 5mAs and 7mAs in vertical direction on X plane at 60×60. Non-uniformity of the distance on CBCT images with a tube current of 5mA was compared with a tube current of 7mA in order to investigate the effect of tube current on non-uniformity of the distance.
Results
In the imaging area of φ40mm×h40mm, short-term reproducibility was less than 1.24% for horizontal direction on X plane with a tube current of 5mA (Table 1 ) and less than 1.09% for vertical direction on X plane with a tube current of 7mA (Table 2 ).
In the imaging area of φ60mm×h60mm, short-term reproducibility was less than 0.66% for vertical direction on X plane with a tube current of 5mA (Table 3 ) and less than 1.18% for horizontal direction on X plane with a tube current of 7mA (Table 4 ).
In the imaging area of φ40mm×h40mm, long-term reproducibility was less than 0.58% for horizontal direction on X plane with a tube current of 5mA (Table 5 ) and less than 0.58% for vertical direction on Y plane with a tube current of 7mA (Table 6 ). Figure 16 . The relationship between the heterogeneity of measuring the distance when exposed at 5mAs and 7mAs in vertical direction on Y plane at 60×60. Figure 17 . The relationship between the heterogeneity of measuring the distance when exposed at 5mAs and 7mAs in horizontal direction on X plane at 40×40. Figure 18 . The relationship between the heterogeneity of measuring the distance when exposed at 5mAs and 7mAs in vertical direction on X plane at 40×40. Figure 19 . The relationship between the heterogeneity of measuring the distance when exposed at 5mAs and 7mAs in horizontal direction on Y plane at 40×40. Figure 20 . The relationship between the heterogeneity of measuringthe distance when exposed at 5mAs and 7mAs in vertical direction on Y plane at 40×40 with a tube current of 5mA (Table 10 ) and less than 1.66% for vertical direction on Y plane with a tube current of 7mA (Table   11 ).
In the imaging area of φ60mm×h60mm, absolute difference values was less than 1.75% for vertical direction on Y plane with a tube current of 5mA (Table 12 ) and less than 1.49% for horizontal direction on X plane with a tube current of 7mA (Table 13 ).
In the imaging area of φ60mm×h60mm, non-uniformities on CBCT images with a tube current of 5mA tended to be somewhat correlated with that on CBCT images with a tube current of 7mA
In the imaging area of φ60mm×h60mm, long-term reproducibility was less than 0.87% for horizontal direction on Y plane with a tube current of 5mA (Table 7) and less than 1.05% for horizontal direction on Y plane with a tube current of 7mA (Table 8 ).
There was significant difference in the measured distance in the imaging area of φ40mm×h40mm for vertical direction on Y plane (P=0.02) ( Table 9 ). However, multiple comparisons revealed significant difference between only UL and LL regions (P=0.04).
In the imaging area of φ40mm×h40mm, absolute difference values was less than 1.68% for horizontal direction on X plane 106 Table 1 . short-term reproducibility (within a day) of measuring the distance between two regions of interest (ROIs) in the area of cone beam computed tomography (CBCT) at 5 mA; the size of the measurement is 40x40. Table 2 . short-term reproducibility (within a day) of measuring the distance between two regions of interest(ROIs) in the area of cone beam computed tomography (CBCT) at 7mA; the size of the measurement is 40x40. Table 3 . short-term reproducibility (within a day) of measuring the distance between two regions of interest(ROIs) in the area of cone beam computed tomography (CBCT) at 7mA; the size of the measurement is 60x60. Table 4 . short-term reproducibility (within a day) of measuring the distance between two regions of interest(ROIs) in the area of cone beam computed tomography (CBCT) at 7mA; the size of the measurement is 60x60. Table 5 . Long-term reproducibility (day a day) of measuring the distance between two ROIs in the area of CBCT at 5mA; the size of the measurement is 40 x40. 13-16 ). On the other hand, in the imaging area of φ40mm×h40mm, the non-uniformity of measurement of the distance varied randomly. There was no association in non-uniformities on CBCT images between using 5mA and 7mA (Fig. 17-20 ).
Discussion
In this study, short-and long-term reproducibility of measurement of the distance on CBCT images was less than 1.5%, indicating sufficient reproducibility. Basically, if the reproducibility is poor, the evaluation of the homogeneity of measurement of the distance on the CBCT images is not meaningful. That is why we first confirmed the short-and long-term reproducibility in this Table 7 . Long-term reproducibility (day a day) of measuring the distance between two ROIs in the area of CBCT at 5 mA; the size of the measurement is 60 x60. Table 8 . Long-term reproducibility (day a day) of measuring the distance between two ROIs in the area of CBCT at 7 mA; the size of the measurement is 60 x60. Table 9 . Evaluetion of the homogeneity of measuring the distance. Table 10 . Non-uniformity of measuring the distance been two ROIs in the area of CBCT at 5mAs; the size of the measurement is 40x40. Table 11 . Non-uniformity of measuring the distance been two ROIs in the area of CBCT at 7mAs; the size of the measurement is 40x 40. In the imaging area of φ60mm×h60mm, non-uniformities on CBCT images with a tube current of 5mA were correlated with that on CBCT images with a tube current of 7mA independent of other parameters. On the other hand, in the imaging area of φ40mm×h40mm, the non-uniformity of measurement of the distance varied randomly. The main cause of the noise is the x-ray quantum mottle and system noise. It is likely that these may influence on the phenomena in the imaging area of φ40mm×h40mm.
However, since the non-uniformity of measurement of the distance in the imaging area of φ40mm×h40mm is considerably small, these phenomena do not influence on the results in clinical use.
CBCT with FDP will rapidly spread in the near future in dental field as well as medical field. Evaluation of both reproducibility and precision are very important when investigators or clinicians want to apply CBCT 21) . Caution should be noted when interpreting the results if this information is not obtained. The results indicated the high reproducibility and good homogeneity for measurement of the distance on CBCT images; however, further investigation would be necessary to clarify the usefulness of CBCT with FPD in clinical dental practice. in conclusions, the reproducibility of measurement of the distance on CBCT images with FPD was less than 1.5%. Homogeneity of measurement of the distance among 5 areas (center, upper right, lower right, upper left and lower left) on CBCT images was good. Absolute difference values of the measured distance between any two regions on CBCT images were less than 2%. When the imaging area is small, non-uniformity of measurement of the distance on CBCT images varied randomly.
However, this variation was considerably small. I conclude that it can be measured the distance with good reproducibility and sufficient homogeneity at any regions on CBCT with FDP. 
